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We propose a new and cosmological model-independent method to probe a possible time variation
of the fine-structure constant (α). Our analysis is based on time-delay of Strong Gravitational Lens-
ing and Type Ia Supernovae observations. By considering a specific class of string theory inspired
models called runaway dilaton, where the cosmological evolution of the fine structure constant is
given by ∆α
α
≈ −γ ln (1 + z), we obtain limits on the physical properties parameter of the model (γ)
at the level 10−2 (1σ). Although our limits are less restrictive than those obtained by quasar spec-
troscopy, the approach presented here provides new independent bounds on a possibility of ∆α
α
6= 0
at a different range of redshift.
PACS numbers: 98.80.-k, 95.36.+x, 98.80.Es
I. INTRODUCTION
It is well-known that the standard physics is charac-
terized by a set of laws and fundamental couplings which
are assumed to be space-time invariant. However, this
assumption needs to be probed with observational data
to be validate. In this line, Dirac (1934) [1] argued that
fundamental couplings might not be pure numbers that
occur in many theories, but they might reflect over the
state of the universe. Thereafter, many theoretical and
observational approaches have come searching for bounds
on a possible space-time variation of the fundamental
couplings (see a detailed review in [2, 3]). Although the
search for possible varying fundamental couplings has
raised the interest of cosmologists, the general relativ-
ity theory prohibits any violation, otherwise, it would
violate the Principle of Equivalence [4].
In most extensions of the current standard physics,
the fundamental couplings are expected to vary leading
to observational consequences that needed to be probed
with data [5–13]. Among such theories, we can cite a
particular class of string theory inspired models1, the so-
called Runaway Dilaton model [14, 15]. In this scenario,
the runaway of the scalar field dilaton towards strong2
coupling may yield a time variation of the fine structure
constant (α ≡ e2/~c, where e is the elementary charge,
~ Planck’s constant, and c the speed of the light). The
α evolution in low and intermediate redshifts is given by
∆α
α ≈ − 140βhad,0φ
′
0 ln (1 + z) = −γ ln (1 + z), where γ ≡
1
40βhad,0φ
′
0, βhad,0 is the current value of the coupling
between the dilaton and hadronic matter and φ
′
0 =
∂φ
∂ ln a
∗Electronic address: colacolrc@gmail.com
†Electronic address: gonzalezsjavier@gmail.com
‡Electronic address: holandarfl@gmail.com
1 String theories at low energy predict the existence of the dilaton
field, a scalar partner of the spin-2 graviton.
2 In addition, this scenario provides a way to reconcile a massless
dilaton with experimental data.
at the present time.
In order to check a possible time variation of the fine
structure constant, some methods to constrain the run-
away dilaton model using astronomical data have been
developed. By using galaxy clusters observations, for in-
stance, the Ref. [16] proposed an approach by using gas
mass fraction (GMF) measurements of these structures
and luminosity distances of type Ia supernovae (SNe Ia)
to put constraints on ∆α/α. The GMF measurements
used in this analysis were obtained via the Sunyaev-
Zeldovich (SZ) effect at 148 GHz by the Atacama Cos-
mology Telescope, and the SNe Ia data considered was
the Union2.1 compilation. The results showed no evi-
dence for ∆α/α 6= 0. More recently, in [17] is shown
that the scaling-relation YSZD
2
A/CXSZYX can also be
used to put constrain on the runaway dilaton model,
where YSZD
2
A is the integrated comptonization param-
eter of a galaxy cluster obtained via SZ effect observa-
tions multiplied by its angular diameter distance (DA),
YX is the counterpart in X-ray, and CXSZ is an arbi-
trary constant. In particular, the authors found that
YSZD
2
A/CXSZYX ∝ α3.0 by considering a direct relation
between a time variation of the fine structure constant
and a deviation of the cosmic distance duality relation.
By using 61 measurements of this ration provided by the
Planck Collaboration, the authors discussed new bounds
on a possible time variation of α in 2σ of confidence level
(see a new analysis in [18]). Several other tests which are
capably of probing such time variation of α with galaxy
cluster data have been emerging since then (see e.g. [19–
21] and references therein).
On the other hand, variations in α have also been ex-
plored on Earth with atomic clock measurements [22]
and isotope ratio measurements [23], where its sensitivity
(around 10−18) provides a useful constraint on possible
time variation of α. In astronomical context, especially
from white dwarfs astronomical observations, constraints
with gravitational potential at the level 2.7 ± 9.1.10−5
were obtained [24, 25] with great accuracy. More re-
cently, 4 new spectral observations of very high red-
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2shift quasars, up to z ≈ 7.1, have shown no evidence
for a temporal variation of the fine structure constant
[26]. However, when the authors combined those mea-
surements with a large existing sample of lower red-
shifts ones, it is pointed out a spatial variation of α
marginally preferred over a no-variation model at the
3.7σ level (see other discussions about spatial variation
of α in [27, 28]). Using the physics of cosmic microwave
background radiation (CMB), [29] present updated con-
straints on the variation of the fine structure constant (α)
and the effective electron rest mass me during the cos-
mological recombination era. The authors have shown
that α e me can traightly modify the ionization history
at z ≈ 1100, and thus change the temperature and polar-
isation anisotropies of the CMB measured meticulously
with the Planck. Although the constraints on α tighten
slightly due to improved Planck 2018 Polarisation data
[30, 31], the new results remain very similar in relation
to the previous CMB analyses [32] (see [33] for spatial
variation of α using CMB data). It is important to em-
phasize that analyses using CMB data rely on the as-
sumptions of an almost scale-invariant power spectrum
and purely adiabatic initial conditions without primor-
dial gravity waves, thus CMB constraints on varying con-
stants will only be competitive for very specific classes of
models that predict strong variations in the very early
universe. There are other probes using distinct astro-
physical observables, such as black hole in a high gravi-
tational potential [34], galaxy cluster [35], Big-Bang Nu-
cleosynthesis [36], among others [37, 38]. Nonetheless,
in the Ref. [39] it was revisited the so called Λ(α)CDM
framework where the cosmological constant is Λ ∝ α−6.
By using cosmological observations present in CAMB and
CosmoMC packages along with 313 data from the absorp-
tion systems in the spectra of distant quasars, constraints
on two specific Λ(α)CDM models were performed. The
authors found constraints around 10−4, very similar to
the results discussed by [40].
In this paper, we present a new method based on
time-delay of strong gravitational lensing (SGL) sys-
tems and SNe Ia observations to obtain new limits on
a possible time variation of the fine structure constant
in Runaway Dilaton models. The samples used to per-
form our approach are: 12 two-image time-delay lens-
ing systems compiled by [41] covering a range of redshift
0.26 ≤ z ≤ 0.89, 1048 spectroscopically confirmed SNe Ia
compiled by [42] in the range of redshift 0.01 ≤ z ≤ 2.3,
and a specific catalog containing 118 confirmed sources
of strong gravitational lensing systems identical to the
compilation of [43] along with 40 new systems recently
discovered by SLACS and pre-selected by [44]. As com-
mented earlier, the α evolution in low and intermedi-
ate redshifts for Runaway Dilaton models is given by
∆α
α ≈ − 140βhad,0φ
′
0 ln (1 + z) = −γ ln (1 + z). We ob-
tain limits on the physical properties parameter of the
model (γ) at the level 10−2 (1σ) in full agreement with
recent limits from galaxy clusters, strong gravitational
lensing and SNe Ia observations.
The paper is organized as follows: in Section II, we de-
velop our methodology. In Section III, it is discussed the
theoretical models which explicitly break the Equivalence
Principle, such as the specific scalar-tensor theory moti-
vated by a non-minimal multiplicative coupling between
a scalar field and the usual matter Lagrangian, and the
particular class of string-inspired model called Runaway
Dilaton model. In Section IV, we present the data set.
In Section V, we describe the non-parametric smoothing
technique to obtain a continuous curve that describes the
analyzed data reducing the noise of the data. In Section
VI, the corresponding statistical analysis and discussions
are presented, and, in Section VII, we finished with the
conclusions of this paper.
II. METHODOLOGY
A. Strong Gravitational Lensing Systems
Strong Gravitational Lensing Systems (SGL) can be
used to investigate gravitational and cosmological the-
ories and fundamental physics. It is a purely gravita-
tional phenomenon occurring when the source (s), lens
(l), and observer (o) are at the same line-of-sight form-
ing a ring-like structure with angular radius θE which is
called Einstein ring [43]. Particularly, observed SGL sys-
tems and detected by SLACS, LSD, SLS2, and BELLS
surveys have been largely used to fit observational bounds
on different cosmological parameters. Under the assump-
tion of the singular isothermal sphere (SIS) model which
describes lens mass distribution, the Einstein radius θE
is given by [45, 46]:
θE =
4piσ2SIS
c2
DAls
DAs
, (1)
where DAls is the angular diameter distance (ADD) from
the lens to the source, DAs the ADD from the observer to
the source, c is the speed of light, and σSIS is the velocity
dispersion caused by the lens mass distribution consid-
ering the SIS model. From Eq. 1, it can be noticed the
multiple-image separation of the source only depends on
the lens and source angular diameter distances. Nonethe-
less, the quantity of interest is
D ≡ DAls
DAs
=
θEc
2
4piσ2SIS
, (2)
which can be written in terms of the fine-structure con-
stant (α ≡ e2/~c) by:
D =
θEe
4
4piα2~2σ2SIS
. (3)
3B. Time Delay Systems
Time Delay is another important observational conse-
quence of Strong Gravitational Lensing and can also be
used as a powerful astrophysical tool. Based on the fact
photons follow null geodesics and are originated from a
distant source with distinct optical paths, they shall pass
through dissimilar gravitational potentials [43, 47, 48].
The time delay is then caused by the difference in length
of the optical paths and by the gravitational time varia-
tion originated in the pass through the effective gravita-
tional potential of the lens.
As opposed to the Einstein radius, time delay gives a
correlation among the ADD from observer to lens (DAl),
from observer to source (DAs), and from lens to source
(DAls) by the relation:
∆τ =
(1 + zl)
c
DAlDAs
DAls
[
1
2
(~θ − ~β)2 −Ψ(~θ)
]
, (4)
where ∆τ is the time delay, ~θ and ~β are, respectively, the
angular positions of the image and the source, zl the lens
redshift, and Ψ the lens effective gravitational potential.
Thereafter, for a two image lens system (A and B) with
SIS mass profile describing the lens mass, the time delay
shall be [49]
∆t = ∆τ(A)−∆τ(B) = (1 + zl)
2c
DAlDAs
DAls
[θ2A−θ2B ]. (5)
Defining the quantity
DAlDAs
DAls
as time-delay angular di-
ameter distance DA∆t , we obtain:
DA∆t ≡
DAlDAs
DAls
=
2c∆t
(1 + zl)(θ2A − θ2B)
, (6)
which can be written in terms of α by:
DA∆t =
2e2∆t
~α(1 + zl)(θ2A − θ2B)
. (7)
III. THEORETICAL MODELS
1. Scalar-Tensor Theory of Gravity
Theories of modified gravity associated to the presence
of a scalar field with a non-minimal multiplicative cou-
pling to the usual matter Lagrangian lead to violations
of the Einstein Equivalence Principle (EEP) [50, 51], e.g.
Smat =
∑
i
∫
d4x
√−ghi(φ)Li(gµν ,Ψi), (8)
where the hi(φ) is a function of the scalar field, and Li are
the Lagrangian functions of the different matter fields.
In the electromagnetic sector, the fine-structure constant
and the cosmic distance duality relation (CDDR) will
change with cosmological time, and both are intimately
and unequivocally related to each other by [50, 51]
∆α
α
(z) =
h(φ0)
h(φ)
− 1 = η2(z)− 1, (9)
where η takes into account any deviations of the CDDR.
Considering α = α0φ(z)
3, where α0 is the current value
of α, and φ a scalar field that controls such variation of
α, the equation (9) gives η2(z) = φ(z). Thus, equations
(3) and (7) shall give, respectively,
D = D0φ
−2(zs), (10)
DA∆t = DA∆t,0φ
−1(zs), (11)
where D0 ≡ e4θE4piα20~2σ2SIS and DA∆t,0 ≡
2e2∆t
~α0(1+zl)(θ2A−θ2B)
.
By multiplying Eqs (10) and (11) and considering the
definitions in Eqs (2) and (6), we obtain:
DAl = D0DA∆t,0φ
−3(zs)
=⇒ φ3(zs) =
D0DA∆t,0
DAl
. (12)
Finally, to perform our tests and impose model-
independent limits on α, it is necessary to know DAl
for each SGL. This quantity is obtained by using SNe
Ia luminosity distances measurements with identical (or
approximately) redshifts to those of the SGL. Consider-
ing a deformed CDDR as DAl = η
−1(zl)(1 + zl)−2DLl
[53, 54], one may obtain:
φ3(zs)
φ1/2(zl)
=
D0DLl
DA∆t,0(1 + zl)
2
. (13)
This is our key equation. Since one knows the luminosity
distances of lens from a sample with their DA∆t,0 and D0
estimates, it is possible to use this expression to impose
limits on α.
3 In this type of theory, such a variation of α can arise from a
varying µ0 theory (vacuum permeability) or from a variation of
the charge of the elementary particles. Both interpretations lead
to the same modified expression of the fine structure constant
[2, 5, 52].
42. Dilaton-Runaway Model
Theories in which the local coupling constants be-
come space-time dependent while respect the locality and
general covariance principles, such variation will involve
some kind of fundamental field (usually a scalar field) to
control that dependence. In our analysis, we focus on the
runaway dilaton model [14, 15]. The main idea behind
this model is to exploit the string-loop modification of
the four dimensional effective low-energy action, where
the Lagrangian is given by:
L = R
16piG
− 1
8piG
(∇φ)2 − 1
4
BF (φ)F
2 + ..., (14)
where φ is the scalar field called dilaton, R is the Ricci
scalar, and BF (φ) is the gauge coupling function. From
this action, the corresponding Friedmann equation is
given by:
3H2 = 8piG
∑
i
ρi +H
2φ′2, (15)
where the sum is over the components of the universe,
and H is the Hubble parameter. In addition, the relevant
parameter of this model is the coupling of φ to hadronic
matter. Nevertheless, the runaway of the dilaton towards
strong coupling can lead to temporal variations of α, and
its variation is given by [3]
∆α
α
≈ − 1
40
βhad,0φ
′
0 ln (1 + z), (16)
where βhad,0 is the current value of the coupling between
the dilaton and hadronic matter, and φ
′
0 ≡ ∂φ∂ ln a .
IV. DATA
A. Supernova Type Ia
We consider luminosity distances for each time-delay
system. Each luminosity distance is obtained from the
Pantheon catalog [42]. This is the most recent wide
and refined sample of SNe Ia measurements found in
the literature, which is composed by 1048 spectroscop-
ically confirmed SNe Ia and covers a redshift range of
0.01 ≤ z ≤ 2.3. However, to perform appropriate tests
we must use the SNe Ia at the same (or approximately)
redshift of the lens of the time-delay system. Thus, for
each system we make a selection of SNe Ia according to
the criterion: |zl − zSNe| ≤ 0.005. Then, we perform a
weighted average by [55]:
µ¯ =
∑
i µi/σ
2
µi∑
i 1/σ
2
µi
, (17)
σ2µ¯i =
1∑
i 1/σ
2
µi
, (18)
where µi(z) is the distance module of SNe. Hence, the lu-
minosity distance and its error are obtained with the ex-
pressions DL(z) = 10
(µ¯−25)/5 and σ2DL = (∂DL/∂µ¯)
2σ2µ¯
[56] , respectively (see Fig. 1).
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FIG. 1: Luminosity distances of spectroscopically confirmed
SNe Ia from Pantheon compilation.
B. Time Delay
We use a data-set of 12 two-image time delay lensing
systems compiled by [41]. The quantities of interest are
the source redshift zs, the lens redshift zl, the angular
positions of source images related to the lens (θA and
θB), and the total time difference between the images
(∆t). The use of two-image lensing systems is justified
by the consistency with a simple SIS mass profile and its
simplicity. However, this selection criterion is necessary
but not sufficient to guarantee a SIS mass profile for the
lens. Thus, as mentioned in Ref. [57], we include an
additional error source denoted by ζ which takes into
consideration possible scatters of individual lenses from
a pure SIS mass profile4. In addition, according to Ref.
[58] ζ can contribute up to 20% in the DA∆t estimation.
Therefore, by adding ζ quadratically
σ2DA∆t,0
= D2A∆t,0

(
σ∆t
∆t
)2
+ 4
[
σθAθA
(θ2B − θ2A)
]2
+4
[
σθBθB
(θ2B − θ2A)
]2
+ ζ2
}
, (19)
4 Such as the presence of softened isothermal sphere potential, and
systematic errors in the RMS deviation of the velocity dispersion.
5where σθA and σθB are the errors associated to the source
images positions A and B, respectively, and σ∆t the time
delay error (see Fig. 2).
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FIG. 2: Data-points of the quantity DA∆t,0 ≡
2e2∆t
~α0(1+zl)(θ2A−θ2B)
vs zl of 12 time delay distance mea-
surements in the range of redshift 0.26 ≤ z ≤ 0.89.
C. Einstein Radius
We also consider a specific catalog containing 158 con-
firmed sources of strong gravitational lensing in Ref. [59].
This compilation includes 118 SGL systems identical to
the compilation in Ref. [43], which were obtained from
SLOAN Lens ACS, BOSS Emission-line Lens Survey
(BELLS), and Strong Legacy Survey SL2S, along with
40 new systems recently discovered by SLACS and pre-
selected in Ref. [44] (see Table I in Ref. [59]).
For each lens system, the quantities of interest are the
source redshift (zs), lens redshift (zl), the averaged cen-
tral velocity dispersion σ0, and the Einstein radius θE .
However, the velocity dispersion with a SIS lens (σSIS) is
not the same as the central velocity dispersion σ0. There-
fore, in Ref. [60] it is introduced a free parameter fe
such that σSIS = feσ0. This parameter compensates for
the contribution of dark matter halos in velocity disper-
sion as well as the systematic errors in measurement of
image separation, and any possible effect of background
matter over lensing systems. All these factors can affect
the image separation up to 20%, which can be mimicked
by 0.8 < fe < 1.2. Here we choose fe = 1.05 ± 0.2
[19, 61]. The relative uncertainty of θE is estimated to
be 5% across all surveys, as mentioned in Ref. [43].
However, studies using SGL systems have shown that
the pure SIS model may not be an accurate representa-
tion of the lens mass distribution when σ0 < 250 km/s,
for which non-physical values of the quantity D0 are usu-
ally obtained (D0 > 1). In addition, in Ref. [59] is also
mentioned the need for attention to use the SIS model as
a reference model, since the impact caused on the density
profile can lead to deviations in the observed stellar ve-
locity dispersion (σ0). Moreover, the not satisfaction of
the sample with ωCDM and ΛCDM models also implies
the need of introducing an additional intrinsic error of
approximately ζ ′ ≈ 12.2%. Therefore, by excluding non-
physical measurements of D0, our final sample is com-
posed by 140 measurements of D0 with corresponding
error given by
σ2D0 = D
2
0

(
σθE
θE
)2
+ 4
(
σσ0
σ0
)2
+4
(
σfe
fe
)2
+ ζ ′2
 (20)
On the other hand, we will also consider a general
approach to describe the mass distribution of lens-type
galaxies, the one with distribution in favor of the Υ
power-law index (called the PLAW model), where ρ ∝
r−Υ. This type of model is important due to several re-
cent studies have shown that the loops of the density pro-
files of individual galaxies have exhibited a non-negligible
spread of the SIS model [62]. Thus, the term D0 of equa-
tion (10) is rewritten by:
D0 =
e4θE
4piα20~2σ2ap
f(θE , θap,Υ), (21)
where f(θE , θap,Υ) is a complex function which depends
on Einstein’s radius (θE), the angular aperture used by
certain gravitational lens Surveys (θap), and the power-
law index (Υ). In the limit Υ = 2, the SIS model is recov-
ered. Note yet, for a single system we could use the ve-
locity dispersion of the line-of-sight (σ2ap), but as we deal
with a lens sample, we must transform all the velocity dis-
persions measured within an aperture to velocity disper-
sions within circular aperture of radius Reff/2 following
the description in Ref. [63]: σ0 = σap(θeff/(2θap))
−0.04,
where θeff is the effective angular radius. In principle, the
use of σap satisfies the model, but the use of σ0 makes
the observable D0 more homogeneous for the set of lens
located in different redshifts. For that purpose, we just
replace σap for σ0 in Eq (21) [43] and, therefore, the cor-
responding error is given by:
σ2D0 = D
2
0
4
(
σfe
fe
)2
+ 4
(
σσap
σ2ap
)2
+ (Υ− 1)2
(
σθE
θE
)2
+
[
σΥ
(
− ln θap
θE
)]2 . (22)
Here we choose Υ = 1.99± 0.04 [19, 61]. In addition, by
excluding systems with non-physical meaning, the second
final sample is composed by 130 measurements of D0.
6V. RECONSTRUCTING D0
The present paper aims to check a possible time vari-
ation of the fine structure constant by using time-delay
measurements of strong gravitational lensing systems and
SNe Ia. For this purpose, it is necessary to obtain the
measures of the quantity D0 at the same redshifts of
the time-delay systems, which are not possible of obtain-
ing through the available sample. Aiming to solve this
problem, we apply a model-independent non-parametric
smoothing technique on our 2 samples, and then find out
the central value with the corresponding error bars to
perform our analysis. As it follows, we better discuss
this technique.
A. Non Parametric Smoothing
In order to obtain a model-independent reconstruction
of a quantity we apply the non-parametric smoothing
(NPS) method. The purpose of this approach is to ob-
tain a continuous curve that describes the analyzed ob-
servable reducing the noise of the data. This method has
been used widely in cosmology to reconstruct the Hub-
ble expansion rate and test dark energy models [64–66],
to reconstruct cosmological matter perturbations [67, 68]
and null tests of standard cosmology [69], among others.
The NPS method was proposed in Ref. [64, 65, 70] and
consists in the iterative application of a kernel (K) to the
observational data (fobs) with a characteristic smoothing
scale(∆):
fs(z) = fg(z) +N(z)
∑
i
fobs(zi)− fg(zi)
σi
×K(z, zi),
(23)
where fs(z) is the reconstructed smoothed quantity,
fg(z) is a guess model, σi is the uncertainty of the data,
and N(z) is a normalization factor given by
N−1(z) =
∑
i
K(z, zi)
σi
. (24)
In the first iteration the guess model fg(z) corresponds
to a fiducial model and in the following iteration the
guess model is replaced by the smoothed quantity of the
previous step. We choose a constant value as an initial
guess model, a Gaussian kernel K(z, zi) = (z − zi)2/2∆)
and perform the smoothing process with 250 iteration
to ensure that the dependency on the initial model dis-
appears. The smoothing scale is considered as a free
parameter and to optimize it, we minimize the cross vali-
dation value which is calculated by considering the effect
of each data point in the final reconstruction (for more
details about the optimization using cross validation, see
Ref. [71]). The optimal smoothing scale for the SIS and
PLAW models are ∆ = 0.8 and ∆ = 1.0, respectively.
The results of the D0 reconstructions are shown in Fig.
3.
VI. ANALYSIS AND DISCUSSIONS
We use Markov Chain Monte Carlo (MCMC) methods
to calculate the posterior probability distribution func-
tions (pdf) of the free parameter (~Θ = γ) [72]. The
statistical analysis are then performed for both simple
and general models of the lens mass distributions. The
likelihood distribution function for both cases is given by:
L(Data|~Θ) =
∏ 1√
2piσµ
exp
(
− 1
2
χ2
)
, (25)
where
χ2 =
( D0
Y − φ
3(zs)
φ1/2(zl)
σT
)2
, (26)
Y ≡ DLl
DA∆t,0(1 + zl)
2
, (27)
σ2T = σ
2
D0 + σ
2
Y , (28)
the associated total error, and
σY = Y
√√√√(σDA∆t,0
DA∆t,0
)2
+
(
σDLl
DLl
)2
(29)
the error associated to the quantity Y . As mentioned be-
fore, φ(zs) = 1−γ ln (1 + zs) and φ(zl) = 1−γ ln (1 + zl),
where γ is the physical parameter of the model to be con-
strained. The pdf is proportional to the product between
the likelihood and the prior, e.g.
P (~Θ|Data) ∝ L(Data|~Θ)XP0(~Θ). (30)
In our analysis, we assume a flat prior for γ as −1.0 ≤
γ ≤ +1.0.
For the SIS model, we obtain: γ = 0.07+0.03−0.02 at 68.3%
(1σ) of confidence level, where χ2red = 2.91. For PLAW
model, we obtain: γ = 0.09+0.03−0.02 at 1σ, with χ
2
red = 3.10
(see black contours in Fig. 4). These χ2red values in-
dicate the presence of an extra unknown intrinsic error
which needs to be add to obtain a good concordance to
χ2red ≈ 1. We estimate it to be approximately 30%.
Hence, taking it into consideration, it is possible to obtain
for the SIS model γ = 0.01+0.04−0.04, and for the PLAW model
γ = 0.02+0.04−0.04 at 1σ of confidence level which correspond
to red contours in Fig. 4. In order to obtain another
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FIG. 3: The figures on the left and on the right represent an estimate of the ratio D0 for SIS and PLAW models, respectively.
The solid black lines represent, in both cases, the best-fitted curve to the obtained data by the Non-Parametric Smoothing
technique along with corresponding 1σ and 2σ confidence regions.
model-independent reconstruction of the quantity D0 we
also apply the Gaussian Process (GP) method. There-
after, we perform the corresponding statistical analysis
and then we obtain the results for both methods. The
results by GP are in full agreement with those by NPS.
In Table I we present a list of current constraints on the
γ parameter.
VII. CONCLUSIONS
Observational evidence for the recent acceleration of
the Universe and the discovery of two new components
beyond the Standard Model of particle physics (called
dark matter and dark energy) show how the standard
physics may be incomplete. In this context, we pro-
vided a new and cosmological model-independent method
capable of probing a possible redshift evolution of the
fine structure constant. The data considered were time-
delay of Strong Gravitational Lensing and SNe Ia obser-
vations. Moreover, the possible time variation of α was
investigated in a class of runaway dilaton models, where
φ(z) = 1− γ ln(1 + z) for z < 0.5 .
By considering the SIS model describing the lensing
galaxy, we obtained: γ = 0.07+0.03−0.02 at 68.3% (1σ) of con-
fidence level. For PLAW model, we obtain: γ = 0.09+0.03−0.02
at 1σ. These results showed the need of adding an extra
intrinsic error in the measurements. Thus, estimating
this extra intrinsic error to be the order of 30%, it was
possible to obtain for the SIS model γ = 0.01+0.04−0.04, and
for the PLAW model γ = 0.02+0.04−0.04 at 1σ. These results
are in full agreement with the standard cosmology. It is
important to stress that a sufficiently tight bound will im-
ply that there are no dynamical scalar fields in cosmology
or that the couplings of the scalar field to the rest of the
model are suppressed by some yet unknown symmetry
of Nature, as significant as the original field. Therefore,
although SGL systems time-delay measurements are not
as much competitive as the limits imposed by quasar ab-
sorption systems, the constraints imposed in this paper
provide new and independent limits on a possible time
variation of the fine structure constant.
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